Sightseeing in Brazil
• database schema Travel(Tourist,Tour[Venue(Sight,Souvenir)])
• a typical snapshot r is (Jack, [ ]) (Hans, [(Sugar Loaf, Wallpaper) , (Corcovado, Magnet)]), (Hans, [(Iguassu, Wallpaper) , (Tijuca, Magnet)]), (Musashi, [(Tijuca, Postcard) 
Nested Databases: Domain Assignment
• extend mapping dom from flat attributes to nested attributes by:
• relational database instance: finite set of k-tuples, i.e., instance over R(A 1 , . . . , A k )
Subschemata
• repeatedly replacing flat attributes by λ gives different layers of info
• λ ≤ N for all list-valued attributes N ∈ N A,
• subattribute relation ≤ on nested attributes is partial order
Database Transformations: Projection Function
• subattributes represent at most as much info as their superattributes
• [ ] mapped to itself, except when projected on λ 2.5 The Brouwerian Algebra of Subattributes
Data Dependencies between Nested Data Elements
• finite and unrestricted implication coincide for FDs and MVDs • for lists it suffices to consider join-irreducibles: if π N X (t 1 ) = π N X (t 2 ) and π N Y (t 1 ) = π N Y (t 2 ), then π N X⊔Y (t 1 ) = π N X⊔Y (t 2 )
Lossless Decomposition

Data Dependencies and Propositional Formulae
• X ∈ Sub(N ): ϑ(X) = max ≤ {W | W ∈ B(N ) and W ≤ X} • ψ : B(N ) → V bijection onto propositional variables • let σ: X → Y be an FD on N where ϑ(X) = {X 1 , . . . , X n } and ϑ(Y ) = {Y 1 , . . . , Y k } • Φ(σ) denotes propositional formula ψ(X 1 ) ∧ · · · ∧ ψ(X n ) ⇒ ψ(Y 1 ) ∧ · · · ∧ ψ(Y k ) • let σ: X ։ Y be an MVD on N where ϑ(X) = {X 1 , . . . , X n }, ϑ(Y ) = {Y 1 , . . . , Y k } and ϑ(Y C N . −X) = {Z 1 , . . . , Z m } • Φ(σ) denotes the propositional formula ψ(X 1 )∧· · ·∧ψ(X n ) ⇒ (ψ(Y 1 )∧· · ·∧ψ(Y k ))∨(ψ(Z 1 )∧· · ·∧ψ(Z m ))
Example
• bijection ψ: ψ(B(N ) • two-element instance shows that σ does not imply σ 1
• σ does imply σ 2 : any r with |= r σ and any t 1 , t 2 ∈ r π N X (t 1 ) = π N X (t 2 ) implies ∃t ∈ r.π N X⊔Y (t) = π N X⊔Y (t 1 ) and π N X⊔Y C (t) = π N X⊔Y C (t 2 ) consequently π N Z (t 1 ) • FDs are X → Y with ≤-antichains X , Y ⊆ E(N )
An Equivalence for FDs and Horn clauses
• interpret extended join-irreducibles as variables via ψ :
Theorem 4. Let N be a nested attribute, Σ a set of FDs and σ a single FD on N . Let Π N denote the Horn clauses which encode the structure of B(N ), and Π denote the corresponding set of Horn clauses for Σ. Then (i) Σ implies σ, (ii) Σ implies σ in the world of two-tuple instances, and (iii) Π ∪ Π N logically implies π for all π ∈ Φ(σ) are equivalent.
Axiomatisation for FDs and MVDs
X → Y Y ≤ X X → Y X → X ⊔ Y X → Y, Y → Z X → Z λ ։ N X ։ Y, Y ։ Z X ։ Z . −Y X ։ Y, X ։ Z X ։ Y ⊔ Z X → Y X ։ Y X ։ Y, Y → Z X → Z . −Y X ։ Y X → Y ⊓ Y C
Axiomatisation for FDs in Complex-Value Databases
• The Armstrong Axioms, i.e.,
a minimal, sound and complete set of inference rules for the implication of FDs in the presence of records, and records and lists.
• Let T be any non-empty subset of {lists, sets, multisets} apart from {lists}. The generalised Armstrong Axioms, i.e.,
form a minimal, sound and complete set of inference rules for the implication of FDs in the presence of records and T . ⊓ ⊔
• [0, 0, 1, 1 2 ] can be mapped to any of [0,0,0,1], [0,0,1,0], [0,1,0,0], [1,0,0,0], [0,0,1,1], [0,1,0,1], [1,0,0,1], [0,1,1,0], [1,0,1,0], [1,1,0,0] 
